by Professor H L Sheehan MD FRCP (Liverpool) The great majority of patients who have lost the anterior lobe of the pituitary have a typical general picture, which is referred to as hypopituitarism. However, when these cases are studied in detail, nearly all patients prove to have some anomalous feature in their clinical, biochemical or pathological findings. These anomalies are often trivial, but sometimes they seem to be more fundamental, and they may occasionally raise doubts as to whether the patient really has hypopituitarism.
The particular problem for consideration here is the patient who has most of the target endocrines almost completely out of action, yet shows symptoms indicating that one of them continues moderate function. At first sight this retention of function of one of the target endocrines suggests that the pituitary may be normal. However, in a number of these problem cases the administration of the suitable pituitary trophic hormones can restore the lost function of the other target endocrines and this suggests that the pituitary was primarily at fault.
The apparent contradiction indicates the need for information from all possible sources. For this reason the present discussion will be restricted to those cases where there are not only the clinical and biochemical data, but also details of the anatomical and histological changes in the pituitary and in the target endocrines. This restriction does not exclude the possibility of functional disturbances without structural lesions, but the cases where the functional disturbances are due to gross structural lesions are perhaps easier to understand.
The discussion will not include the pseudohypopituitarisms due to hypothalamic disturbances nor those due to primary lesions in several of the target endocrines at the same time, nor the various types of true hypopituitarism due to tumours or chronic inflammatory processes in the gland, nor the histological aspects of monotrophic pituitary insufficiencies. The analysis is limited to the cases of hypopituitarism due to post-partum necrosis where it is known from autopsy that there has been gross structural damage to the anterior lobe, but where the clinical picture is atypical in that there is evidence of continued function of one or other of the target endocrines, though usually on a rather low level. The most obvious explanation of this state of affairs is that the original necrbsis did not destroy all of the anterior lobe, but that rather large remnants of parenchyma have been left, which are now secreting significant amounts of certain trophic hormones. This necessitates consideration of the position, size, potential function, and histological appearances of these pituitary remnants.
The Pituitary Remnants Anatomical position: After a large post-partum necrosis, remnants of the anterior lobe are found in three places (Figs 1 and 2):
(1) There is a constant remnant which occupies the pars tuberalis and its downward continuation as a very small wedge of tissue in the pars interloralis just in front of the stalk. This will be referred to as the 'tuberalis remnant'. The important point is that it maintains its structural connexions with the hypothalamus and continues to receive a portal blood supply from the neural part of the stalk. Thus it remains exposed to the same controlling factors as in a normal gland and, from this aspect, it is suitably placed to function.
(2) In some cases a small area of parenchyma at the lateral pole remains alive because it receives a direct arterial supply by way of the inferior capsular artery and it seems to survive permanently. Its size may be as much as 5 c.mm on each side, even in cases which are clinically very severe. This tissue does not maintain any vascular or nervous connexions with the stalk and the hypothalamus, and thus its functional activity may be very severely impaired. It is a very important question whether this isolated lateral pole remnant has any influence on the course of the disease. A similar remnant is usually left at the lateral pole after surgical hypophysectomy and in that condition the thyroid may regain some function. For this reason an analysis has been made of 15 of our cases of post-partum hypopituitarism in which serial sections of the whole gland have been cut. Four of these patients had remnants of parenchyma at the lateral pole; the other 11 did not. Table 1 shows the weight of the various endocrines and viscera in the two groups. These autopsy findings give no evidence that the remnant at the pole secreted any significant amounts of thyrotrophin, corticotrophin or somatotrophin. Analysis of the clinical and biochemical findings in these patients also gives no evidence that the pole remnant influenced the course of events in any way. For this reason, the following discussion will deal only with the tuberalis remnant and not with the remnant at the pole.
(3) A very thin layer of live parenchyma remains in patches under the capsule, apparently nourished by diffusion from the blood vessels in the neighbouring dura. This layer is rarely more than a few cells deep, and its total amount is so trivial that it can be neglected.
The size o.f the remnant: In about half of all cases of post-partum necrosis the lesion is only small or moderate-sized, ranging up to about 90% of the anterior lobe. This leaves an anterior lobe remnant of 10 or 20% or more, which seems to be sufficient to keep the patient in relatively good health, and most of these cases are never diagnosed as having hypopituitarism. Obviously the incompleteness of the hypopituitarism from the clinical aspect is merely an expression of the incompleteness of the anatomical destruction of the pituitary. These cases do not present any special problem, and will not be considered further here. The significant group are the remaining half of the cases, where there is proof that there has been almost total destruction of the anterior lobe. The term 'almost total destruction' can be applied to cases where the size of the tuberalis remnant of the anterior lobe is from 1 to 5 c.mm, that is about 1 to 2 % of the original anterior lobe, allowing for the shrinkage in histological processing. These figures are based on actual measurements of the pituitary in 15 of the present series of cases of longstanding post-partum hypopituitarism which had gross scarring of the anterior lobe. Our previous estimates of the size of the remnants in these pituitaries were purely visual, but more recently we have made serial sections of the entire sella and have measured the actual volume of the pituitary remnants by a projection technique.
Hypertrophy and atrophy: The third question is whether the remnants seen at autopsy in these cases, twenty or thirty years after the original necrosis, have remained at the same size throughout that period. Is it possible that the pituitary remnants have a phase of regeneration, so that the pituitary could function better than it did immediately after the original necrosis? And, more important, is it possible that the pituitary remnants may atrophy after many years, and thus lose any function they may have had earlier?
This question of regeneration and subsequent atrophy is very significant because it could explain the alteration in the clinical picture in an individual patient, assuming that function continued pari passu with the size of the remnants. It is a difficult question to answer. However, as far as can be judged, the tuberalis remnant which is left a few days after the original necrosis probably continues unchanged in size throughout the rest of the patient's life.
The evidence depends on histological interpretation, which is of course rather uncertain. One source of information comes from the histological comparison of the tuberalis remnants in patients who die a few days after the occurrence of the original necrosis with the remnants in patients who die many years later. In both groups the remnants have the same range and frequency of sizes. Their shape is similar in the two groups. In the long-standing cases there are no recognizable changes in the remnants to suggest any progressive damage or atrophy, and there is no nodular appearance such as would suggest that there had been a stage of hyperplasia.
On the other hand there is experimental evidence suggesting that, in animals, the pituitary can regenerate or develop hyperplasia to some extent. In an attempt to find out whether this also happens in man we have made a careful search for mitoses in 20 pituitaries with recent postpartum necrosis from 2 days to 7 weeks old, but we were unable to find any mitoses in the small areas of surviving parenchyma in any of them. A further search was made of 20 pituitaries with healed necrosis from 5 to 40 years old, and again no mitoses could be found in the pituitary remnants. This in itself does not exclude the possibility that hyperplasia may occur, but it is in agreement with the absence of any other evidence of significant hyperplasia of the remnants.
Histological appearances: In the normal gland, most of the cells in the pars tuberalis and pars interloralis are of chromophobe and amphophil types and there are only a few eosinophils and basophils. In the remnants of the parenchyma found at this site when there has been a large necrosis, the cell pattern is exactly the same; there are only occasional eosinophil or basophil cells, and most of the cells are of chromophobe type. Furthermore, the cells in the remnant seem to be cytologically unchanged and any granular cells which are present have their usual appearances. This must not be interpreted as indicating that their function is normal. It seems probable that the cells in the remnant are working at their maximum capacity and are in a condition of permanent overstrain. If so, the fact that our present cytological methods do not reveal any changes in the pituitary remnant is merely an illustration of the danger ofinterpreting histological appearances in terms of function.
Possible function: What types of hormones are normally produced by the pars tuberalis and pars interloralis ? In the normal gland the marked difference in the cytological pattern between this part and the remainder of the anterior lobe suggests that there may be some corresponding difference of function. However, little or nothing is known about hormone secretion by this part of the gland. Thus in a large post-partum necrosis, when only these parts of the parenchyma are left alive, it is an open question whether they are capable of secreting very small amounts of all the different trophic hormones or only of certain ones. One point is fairly clear. As the remnants of parenchyma are in the same tuberalis site in all the cases, it might reasonably be expected that the same type of deficiency of pituitary hormones would be present in all cases. This will be considered again in the next section.
The nasopharyngeal pituitary: This was examined in only 2 of the present cases. It had the same size and shape as in normal patients and, in particular, it showed no sign of hypertrophy. It is not known whether it has functions similar to those of the normal pituitary, nor whether it can influence the course of a chronic hypopituitarism.
CLINICAL ASPECTS
It might be anticipated that patients with a destruction of 98 or 99 % of the anterior lobe would have a corresponding reduction of the secretion of all the trophic hormones. However, certain of the patients retain some function of the adrenals, others of the thyroid, and others of the ovaries. The retention of function does not follow any regular pattern or time sequence; any one of the endocrine glands may be active and the others inactive without any apparent reason for the difference. This statement is in disagreement with the views of various workers who say that there is a serial loss of pituitary functions; that the first organ to be affected is the gonad, then the thyroid, and lastly the organ which is most important for lifethe adrenal cortex. This concept seems to have been based mainly on tumours in the pituitary or the suprasellar region.
Ovarian Function
It is easiest to begin by considering the maintenance of function of the genital tract because this produces obvious manifestations.
In any series of clinical cases of post-partum hypopituitarism there are always a few patients who give a history of having menstruated occasionally since the significant delivery, without any therapeutic cause. One naturally tends to discount these cases as having probably suffered only a moderate-sized pituitary necrosis, and in fact this is found to be the true explanation in a certain number. But, as has been emphasised, this present analysis is limited to patients who have finally been proved at autopsy to have only 1 or 2 %Y of the anterior lobe remaining. In our own series of autopsies on patients with chronic hypopituitarism due to post-partum necrosis, there are 24 which fulfil this criterion of almost complete destruction of the pituitary. In the literature there are records of 88 autopsies where it may reasonably be accepted that the pituitary destruction was probably of the same order of severity. Analysis of the clinical records of these 112 cases reveals the following gynaecological details.
Seven of the patients had had very occasional uterine hemorrhages during the few years after the delivery. These hlemorrhages may perhaps have been due to an atrophic endometritis or they may have been menstrual in type; it is impossible to be sure.
Ten of the patients had had fairly definite true menstruation, though only scanty and very irregular. The intervals were usually two or three months and often up to nine or twelve months. This menstruation began a year or two after the delivery and continued sometimes for three or four years, or even until the patient was 40 or 45, but not after that age. Two of the patients had had a subsequent pregnancy.
The obvious deduction in these cases is that there must have been some mistake, that the autopsy and histological findings cannot have been accurate, and, in particular, that there must have been more anterior lobe tissue remaining than the pathologist actually recognized. This is an attractive explanation but it does not seem to fit the facts. The clinical and autopsy findings in these patients with evidence of ovarian activity are essentially the same as in patients whose ovaries had shown no sign of function since the significant delivery. All the cases had the standard clinical history apart from the occasional menstruation. They had all lost their skin pigmentation. All but one of them had complete loss of pubic hair; the exception was a patient who at the time of death had a scanty amount of hair on the mons, but she had had steroid therapy for the last year. As far as information is available, there were always the standard biochemical disturbances, such as the low basal metabolic rate, very low excretion of 17-ketosteroids, poor water diuresis and so on. Unfortunately it so happens that not one of these patients had had estimations of gonadotrophin excretion. Nearly all the patients died in the usual hypopituitary coma. Table 2 gives the autopsy findings. There are accurate measurements of the pituitary remnants in only 3 of these patients who had menstruated. These show no significant difference from the measured size of the remnants in 12 patients who had not menstruated. The degree of atrophy of the adrenals, the thyroid and the viscera was the same, whether the patient had menstruated or not. From these figures it appears that there was just as great a deficiency of corticotrophin, thyrotrophin and somatotrophin in the patients who had some ovarian activity as in all the other cases of severe hypopituitarism. Nevertheless it appears that some gonadotrophin must have been produced, though possibly only in very small quantities and only at rare intervals. It is difficult to escape the conclusion that this gonadotrophin came from the small remains of pituitary tissue in the pars tuberalis and the pars interloralis. The alternative is that in certain people the ovaries may have some autonomy and may occasionally function independently of pituitary gonadotrophin. This idea is derived by analogy from the ability of the adrenal cortex to produce aldosterone without pituitary stimulation, from the ability of the thyroid to show some degree of recovery after surgical. hypophysectomy and from the rare cases of thyrotoxicosis in patients with hypopituitarism or after hypophysectomy. However, it seems more probable that the cause of the ovarian function is a slight, occasional activity of the tuberalis remnant.
If this is the explanation it raises a dependent problem. As all these patients have a tuberalis remnant, why do they not all have some evidence of ovarian function? The answer is probably that the sensitivity of the ovaries to very small amounts of gonadotrophin may vary widely from one patient to another. Everyone knows the difficulty of doing biological assay of gonadotrophins, even using special strains of mice which have been inbred for generations. The human patients are from a mixed stock and far from being 'pure Wistar'.
One important question with regard to these women with occasional menstruation is whether it is related to ovulation or not. The endometrium and ovaries were examined in only two of these patients who had menstruated and were still under the age of 45. Unfortunately there is no information on the time in relation to the last menstruation. One of these patients had a rather small uterus with very little endometrium whose appearances corresponded to those of a very old woman. The ovary showed only the standard primordial ova. The other patient had a uterus of normal size, with a moderately good endometrium which was apparently under cestrogen stimulation and could have passed as about the seventh day of the cycle. Her ovaries contained three follicular cysts about 5 mm in diameter, but these were atypical and possibly atretic, and there were no recent corpora lutea. Thus neither patient had any evidence of recent ovulation.
Nevertheless there seems to be no doubt that ovulation can occur occasionally in some of these patients. This is shown by the fact that a subsequent pregnancy can occur some years after the delivery at which the pituitary necrosis occurred. There are 2 cases in the literature in which subsequent pregnancy occurred after a delivery in which there seems to have been gross necrosis of the anterior lobe (Farquharson et al. 1938, Case 2; Forster 1954 , Case 1). In neither of these two cases were the pituitary remnants measured and reconstructed, but it seems probable that they were very small because the adrenals and viscera were very atrophied. Nevertheless these remnants seem to have produced sufficient gonadotrophin to give rise to ovulation on at least one occasion.
Function ofOther Endocrines
There are a few patients who have clinically quite obvious post-partum hypopituitarism but who, on biochemical examination, prove to have some continuing function either of the adrenal or of the thyroid. It would be of great interest to know how severe the pituitary necrosis had been, but no accounts seem to have been published of autopsies in these cases. We have not performed an autopsy on a patient with clear evidence of retained adrenal function, but have done one on a patient who had continuing thyroid function. This patient had clinical and biochemical evidence of a very severe loss of function of her target endocrines apart from the thyroid, but this showed signs of moderate activity and it was found to be of normal size at death. However, this case falls outside the scope of the present discussion because at autopsy it was found that the pituitary remnant was about 5 or 10% of the original anterior lobe.
General Symptoms
Quite apart from these cases with biochemical evidence of continuing thyroid or adrenal function, there are a certain number of patients whose general clinical symptoms are, for a time, less severe than would be expected after a large necrosis of the pituitary.
The ordinary course of post-partum hypopituitarism is that the patient never seems to regain her general health after the original necrosis and gradually deteriorates to a condition of chronic ill-health. The clinical evidence of this may be summarized as mental apathy and indolence, physical weakness, marked sensitivity to cold, and absence of sweating.
The anomalous cases considered here have a partial latent period for ten or twenty years before the full development of these general symptoms. During this latent period they are certainly not in good health but they are moderately interested in their surroundings, are able to do some of their housework and are not excessively sensitive to cold. A fairly high proportion have occasional uterine bleeding or irregular menstruation. From their general clinical symptoms it might be considered at this stage that they were suffering from only a partial hypopituitarism and that the original pituitary necrosis had been by no means complete. Then, after a few years, their general condition deteriorates and they show the fully developed clinical picture of hypopituitarism. This deterioration may occur at any time but is most common about the age of 45 or 50. Occasionally the disease is recognized during the latent period, but usually the patient is first seen after the full deterioration has developed and it is only by taking a careful history that we ascertain that there has been a latent period earlier on. It is very difficult to say how often this latent period occurs, but the incidence may be of the order of 10 or 15%.
There are three possible explanations for the latent period and the subsequent deterioration of the general health: (1) One view is that the original necrosis had been incomplete and that the remnants of the anterior lobe had undergone atrophy when the patient was about 45 or 50. (2) Secondly, it might be postulated that the adrenals or the thyroid had only a moderate degree of atrophy throughout the latent period but that, at the end of that time, they became much more severely atrophied. (3) The third explanation is that some hormone with an action similar to cortisone might be secreted during the latent period, but ceased to be secreted at about the age of 45.
Unfortunately, very few of the patients had been subjected to careful endocrine investigation during the latent period. However, there is a little autopsy evidence that bears on the matter. In our own series there are 5 patients who died between the ages of 33 and 39, and thus relatively early after the original necrosis. One of these was certainly in the latent period at the time of death; she had been able to do her housework up to the onset of her terminal pneumonia and she had continued to have occasional menstruation. Three of the other patients had at any rate not developed the full general symptoms that we see in older women. Thus this group can be accepted as having been probably in the latent period at the time of death.
The pathological findings are shown in Table 3 . The differences between this group of young patients and the group of older patients are trivial and within the ordinary scatter of individual cases. They all show about the same degree of atrophy of the endocrines and the viscera, so that it may be assumed that there was the same deficiency of trophic hormones in the two groups. In the particular case of the patient who was certainly in the latent period, the pars tuberalis remnant was slightly under 5 c.mm in volume, the thyroid weighed only 2 grams and consisted almost entirely of fibrous tissue and the two adrenals together weighed slightly less than 2 grams. Thus the partial latent period cannot be due to the retention of large pituitary remnants, nor to less atrophy than usual of the adrenals and the thyroid. These two very reasonable explanations for the latent period do not agree with the facts. The third explanation is that some hormone might be secreted which gives rise to the latent period by protecting the patient to some extent from the effects of the deficient function of the adrenals and thyroid. It must be emphasized that the following remarks are extremely speculative and have no biochemical evidence to support them. They arise from the fact that the latent period is most common in patients who have occasional uterine bleeding or menstruation. The possibility has been mentioned earlier that these patients have ovaries which seem to respond to tiny traces of gonadotrophin and are presumably able occasionally to excrete a little cestrogen. The question is whether the ovaries may also be capable of secreting some other hormone which affects the general clinical condition of the patient, and whether this might possibly be an androgen. In the days before cortisone was available we used to try various treatments on patients with hypopituitarism. CEstrogens never seemed to affect the general symptoms in any way. On the other hand, testosterone used to produce a definite subjective improvement in about half the patients; this corresponded to the improvement that would be expected nowadays from the administration of about 3 or 4 mg of cortisone a day. The other half of the patients showed no general improvement when given quite big doses of testosterone. Presumably those who responded were able to metabolize some of the testosterone to products which had effects similar to cortisone. These known effects of androgenic therapy raise the question whether the latent period might be due to the secretion of an androgen by the ovary.
There are two points which suggest that this hormone might be produced in the ovary: (1) In all patients with post-partum hypopituitarism the primordial ova persist in the ovary until the patient is about 45. Then they all disappear in a kind of histological menopause (Shethan 1953). In this particular regard, the ovary is obviously autonomous and not under pituitary control. It is conceivable that there might be some relationship, possibly very indirect, between the presence of the primordial ova and the secretion of the hypothetical ovarian hormone. This would accord with the fact that the latent period commonly ends at the time that the primordial ova disappear.
(2) The second point linking the ovary to the delayed onset of general symptoms is that quite commonly the patients who are in the latent period also have occasional menstruation during that time.
The entire explanation is of course highly theoretical. Nevertheless it is necessary to theorize along lines such as this when a patient with post-partum hypopituitarism dies suddenly when she is actually in the latent period and is found at autopsy to have not only an almost complete destruction of the anterior pituitary but also an extremely severe atrophy of the adrenals and the thyroid, though her ovaries and uterus are almost normal in size.
